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A method of delivering a volatile material to the atmosphere 
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providing a delivery engine having a reservoir that includes 
a volatile material mixture. The volatile material mixture 
includes about 40% to about 100%, by total weight, of the 
volatile materials each having a vapor pressure at 25°C. of 
less than about 0.1 torr. The delivery system also includes a 
microporous membrane enclosing the reservoir, wherein the 
microporous membrane comprises an average pore size of 
about 0.01 to about 0.03 microns. 
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METHOD FOR DELIVERING A VOLATLE 
MATERAL 

FIELD OF THE INVENTION 

The present invention relates to a method for delivering a 
Volatile material to the atmosphere in a continuous manner. 

BACKGROUND OF THE INVENTION 

It is generally known to use a device to evaporate a 
Volatile material into a space, particularly a domestic space, 
in order to deliver a variety of benefits, such as air freshening 
or perfuming of the air. Non-energized systems, for 
example, systems that are not powered by electrical energy, 
are a popular way for the delivery of volatile materials into 
the atmosphere. These systems can be classified into those 
that require human actuation, such as aerosols, those which 
do not required human actuation Such as wick based systems 
and gels. The first type delivers the volatile materials on 
demand and the second type in a more continuous manner. 

U.S. Pat. No. 4,161.283 discloses an article for delivering 
a volatile material comprising a reservoir, polymeric sheet or 
membrane, and a barrier layer releasably bonded to the outer 
wall of the reservoir. One drawback with this type of article 
is its Susceptibility to de-lamination and leakage because the 
Volatile material is in contact with the membrane during 
storage or non-use. Another drawback may be that volatile 
materials build up in the membrane during Storage, resulting 
in a spike in intensity immediately after the barrier layer is 
removed. Another drawback may be that the peel force 
makes it is difficult to remove the barrier layer without 
damaging the polymeric sheet or membrane. Yet another 
drawback may be the selectivity of the membrane in that it 
does not easily allow low vapor pressure volatile materials 
to diffuse through the polymer. 

U.S. Pat. No. 4,824,707 discloses a decorative air fresh 
ener unit having a capsule containing a Supply of volatile 
fragrance. The capsule is trapped between a microporous 
sheet and a backing sheet. The capsule is ruptured by applied 
force and the released fragrance is absorbed into the 
microporous sheet which gradually exudes the fragrance. 
This approach may limit the longevity of a scent since liquid 
is released all at once to the microporous sheet, and there is 
little control over the manner in which the liquid will wet the 
microporous sheet. 
AS Such, there exists a need for a method for delivering, 

over a period of time, a continuous release of volatile 
materials having a broad range of molecular weights and 
vapor pressures. 

SUMMARY OF THE INVENTION 

According to one embodiment of the invention, there is 
provided a method of delivering a volatile material to the 
atmosphere in a continuous manner. The method includes 
the step of providing a delivery system having a reservoir 
that includes a volatile material mixture. The volatile mate 
rial mixture includes about 40% to about 100%, by total 
weight, of volatile materials each having a vapor pressure at 
25°C. of less than about 0.1 torr. The delivery system also 
includes a microporous membrane enclosing the reservoir, 
wherein the microporous membrane comprises an average 
pore size of about 0.01 to about 0.03 microns. 

According to another embodiment of the invention, there 
is provided a method of delivering a volatile material 
comprising the steps of providing a delivery engine com 
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2 
prising a reservoir containing a volatile material, a ruptur 
able Substrate enclosing the reservoir, a microporous mem 
brane enclosing the reservoir and the rupturable Substrate, a 
rupture element positioned between the rupturable substrate 
and the microporous membrane; and compressing the 
microporous membrane and the rupture element to breach 
the rupturable substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the specification concludes with the claims par 
ticularly pointing out and distinctly claiming the invention, 
it is believed that the present invention will be better 
understood from the following description taken in conjunc 
tion with the accompanying drawings in which: 

FIG. 1 shows a perspective view of one embodiment of an 
apparatus of the present invention. 

FIG. 2 shows an exploded, perspective view of one 
embodiment of a delivery engine in accordance with the 
present invention. 

FIG. 3 shows a cross-sectional view of another embodi 
ment of a rupture element in accordance with the present 
invention. 

FIG. 4 shows a cross-sectional view of another embodi 
ment of a rupture element in accordance with the present 
invention. 

FIG. 5 shows a side elevational view of the delivery 
engine in FIG. 2 in accordance with the present invention. 

FIG. 6 shows a front elevational view of one embodiment 
of a housing in accordance with the present invention. 

FIG. 7 shows a top plan view of the housing in FIG. 6. 
FIG. 8 shows a cross-sectional view along lines 8-8 of the 

apparatus in FIG. 1. 
FIG.9 shows the cross-sectional view in FIG.8 where the 

delivery engine is being received by the housing. 
FIG. 10 is a graph showing evaporation profiles of volatile 

materials having varying vapor pressure ranges evaporated 
from a microporous membrane in accordance with the 
present invention 

FIG. 11 is a graph showing evaporation profiles of volatile 
materials evaporated from a polyethylene membrane and 
from a microporous membrane in accordance with the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to an apparatus for the 
delivery of a volatile material to the atmosphere. It is 
contemplated that the apparatus may be configured for use 
in a variety of applications to deliver volatile materials to the 
atmosphere. 

For example, the apparatus may be configured for use 
with an energized device. An exemplary energized device 
may be an electrical heating device. More particularly, the 
device may be an electrical wall plug air freshener as 
described in U.S. Pat. No. 7,223,361; a battery powered 
heating device; or other heating devices (e.g. devices pow 
ered by chemical reactions such as catalyst fuel systems; 
solar powered devices, etc.). In such devices, the volatile 
material delivery engine may be placed next to the heating 
surface to diffuse the volatile material. The volatile material 
formula may be adjusted to include an overall lower vapor 
pressure formula. 
The apparatus may also be configured for use with an air 

purifying system to deliver both purified air and volatile 
materials to the atmosphere. Non-limiting examples include 
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air purifying systems using ionization and/or filtration tech 
nology for use in Small spaces (e.g. bedrooms, bathrooms, 
automobiles, etc.), and whole house central air conditioning/ 
heating systems (e.g. HVAC). 

The apparatus may also be configured for use with an 
aerosol or non-aerosol air spray. In this embodiment, the 
delivery engine can deliver Volatile materials upon user 
demand or programmed to automatically deliver volatile 
materials to the atmosphere. 
The apparatus may also be configured for use with a fan 

to deliver volatile materials to the atmosphere. 
For purposes of illustrating the present invention in detail, 

the invention is described below in a non-energized system. 
"Non-energized' means that the apparatus is passive does 
not require to be powered by a source of external energy. In 
particular, the apparatus does not need to be powered by a 
Source of heat, gas, or electrical current, and the volatile 
material is not delivered by aerosol means. 

In the non-energized embodiment, the apparatus of the 
present invention delivers a volatile material in a Substan 
tially continuous manner when the apparatus is in a resting 
position (i.e. the apparatus is not being moved). The emis 
sion level of volatile materials may exhibit a uniform 
intensity until substantially all the volatile materials are 
exhausted. The continuous emission of the volatile materials 
can be of any suitable length, including but not limited to, up 
to: 20 days, 30 days, 60 days, 90 days, shorter or longer 
periods, or any period between 30 to 90 days. 
The apparatus of the present invention is suitable for 

purposes of providing fragrances, air fresheners, deodoriz 
ers, odor eliminators, malodor counteractants, insecticides, 
insect repellants, medicinal substances, disinfectants, sani 
tizers, mood enhancers, and aromatherapy aids, or for any 
other purpose using a volatile material that acts to condition, 
modify, or otherwise change the atmosphere or the environ 
ment. For purposes of illustrating the present invention in 
detail, but without intending to limit the scope of the 
invention, the invention will be described in an air freshen 
ing system for delivering liquid containing perfume raw 
materials. 

Referring to FIG. 1, an apparatus 10 in accordance with 
the present invention is shown. The apparatus 10 includes a 
delivery engine 100 and a housing 200. 
Delivery Engine 

Referring to FIG. 2, the delivery engine 100 comprises a 
width, length and depth along the X-axis, y-axis, and Z-axis 
axis, respectively. The width, length, and depth may be such 
that the delivery engine 100 is considered compact and/or 
portable. By “compact” or “portable', it is meant that the 
delivery engine 100 can be conveniently and comfortably 
carried in a pocket, purse, or the like. The delivery engine 
100 can be constructed as a disposable, single-use item or 
one that it is replenished with a volatile material. 
The delivery engine 100 may include a lip 102 that defines 

the outer perimeter of the delivery engine 100 and may 
circumference a reservoir 110 for containing a volatile 
material as well as a collection basin 112. The delivery 
engine 100 may also include a rupturable substrate 120 
secured to the reservoir 110; a rupture element 130 posi 
tioned adjacent to the rupturable substrate 120; and a 
microporous membrane 140 secured to the lip 102 and 
enclosing the rupturable substrate 120, reservoir 110, and 
collection basin 112. 
The body 104 of the delivery engine 100 can be thermo 

formed, injection molded, or blow molded with any known 
material. In some embodiments, the body 104 includes all 
structural aspects of the delivery engine 100 minus the 
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4 
rupturable substrate 120, the rupture element 130, and 
breathable membrane 140. In other embodiments, the body 
104 includes the rupture element 130. The body 104 may be 
made of a multilayer material which may include a barrier 
layer to prevent evaporation of a volatile component and at 
least one outer layer that allows a rupturable substrate 120 
to be heat-sealed to the body 104. A suitable sealant layer 
would include a layer of polyethylene or polypropylene or 
any suitable polyolefin sealant that allows for a leak proof 
seal of the reservoir 110. Suitable materials to form the body 
104 of the delivery engine 100 include plastics, such as 
Pentaplast Pentaform R) 2101 available from Klockner. In 
Some embodiments, the material is colored or non-colored 
see-through plastic. The see-through material permits obser 
vation of the liquid and end-of life. 

Reservoir 
The delivery engine 100 may comprise a reservoir 110 for 

holding a volatile material. The reservoir 110 may have a 
width, length and depth along an X-y-Z axis, respectively. 
The reservoir 110 may be elongate in that its width to length 
ratio is about 2:1 to 4:1, alternatively 1.5:1 to 2.5:1. The 
reservoir 110 may have a width of about 45 mm to about 55 
mm, alternatively about 51 mm; a length of about 15 mm to 
about 30 mm to about, alternatively about 23 mm; a depth 
of about 5 mm to about 15 mm, alternatively about 11 mm. 
The dimensions of the reservoir 110 may be such that it 
holds about 2 ml to about 50 ml of liquid containing a 
volatile material. Alternatively, the reservoir 110 may hold 
about 2 ml to about 30 ml, alternatively about 2 ml to about 
10 ml, alternatively about 2 ml to about 8 ml, alternatively 
about 4 ml to about 6 ml, alternatively about 2 ml, alterna 
tively about 6 ml of liquid containing a volatile material. 
The reservoir 110 may include a bottom 114 and a single 

opening 116. The reservoir 110 may also have a ridge 122 
circumferencing the single opening 116 or the upper edge of 
the reservoir 110. This ridge 122 may provide a generally flat 
surface upon which a rupturable substrate 120 may be 
secured. The ridge 122 allows the secured area of the 
rupturable substrate 120 to be located away from the inner 
walls of the reservoir 110 where the volatile material would 
be held. 

It is contemplated that the method of the present invention 
may comprise providing two or more reservoirs (not shown) 
which can be filled with the same or different volatile 
materials. The reservoirs may have any configuration that 
contacts the microporous membrane 140 upon rupture. For 
example, the reservoirs may be opposedly connected for use 
in a flippable device. In Such a device the microporous 
membrane 140 is fluidly connected between the reservoirs. 

Rupturable Substrate 
Still referring to FIG. 2, the delivery engine 100 includes a 
rupturable substrate 120. The rupturable substrate 120 may 
be configured in any manner that prevents the Volatile 
material in the reservoir 110 from contacting the micropo 
rous membrane 140 prior to activating or rupturing the 
delivery engine 100. In one embodiment, the rupturable 
substrate 120 may enclose the reservoir, prior to activation, 
by extending across the single opening 116 securing to the 
ridge 122 of the reservoir 110. The rupturable substrate 120 
may be secured by a layer of adhesives, heat and/or pressure 
sealing, ultrasonic bonding, crimping, and the like or a 
combination thereof. 
The rupturable substrate 120 can be made of any material 

that ruptures with applied force, with or without the presence 
of an element to aid in such rupture. Because the rupturable 
substrate 120 is intended to contain a volatile material while 
in storage, it may be made from any barrier material that 
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prevents evaporation of the volatile material prior to its 
intended use. Such materials may be impermeable to vapors 
and liquids. Suitable barrier materials for the rupturable 
substrate 120 include a flexible film, such as a polymeric 
film, a flexible foil, or a composite material such as foil/ 
polymeric film laminate. Suitable flexible foils include a 
metal foil such as a foil comprised of a nitrocellulose 
protective lacquer, a 20 micron aluminum foil, a polyure 
thane primer, and 15 g/m2 polyethylene coating (Lidfoil 
118-0092), available from Alcan Packaging. Suitable poly 
meric films include polyethylene terephtalate (PET) films, 
acrylonitrile copolymer barrier films such as those sold 
under the tradename Barex(R) by INOES, ethylene vinyl 
alcohol, and combinations thereof. It is also contemplated 
that coated barrier films may be utilized as a rupturable 
substrate 120. Such coated barrier films include metallized 
PET metalized polypropylene, silica or alumina coated film 
may be used. Any barrier material, whether coated or 
uncoated, may be used alone and or in combination with 
other barrier materials. 

Rupture Element 
The rupturable substrate 120 may be breached to release 

a volatile material by actuating a rupture element 130. The 
rupture element 130 can be injection, compression, or pres 
Sure molded using a polyolefin, such as polyethylene or 
polypropylene; polyester, or other plastics known to be 
suitable for molding. The rupture element 130 could also be 
made by thermoforming with a discrete cutting step to 
remove parts not wanted. 
The rupture element 130 may be positioned in a space 132 

formed in the delivery engine body 104 that is adjacent to 
the rupturable substrate 120 and subjacent a microporous 
membrane 140. The space 132 may be configured such that 
the rupture element 132 is nested within the space and 
enclosed by a microporous membrane 140, thus and requires 
no other means to hold the rupture element 132 in the 
delivery engine 100. In one embodiment, the rupture ele 
ment 130 is positioned between and in contact with said 
rupturable substrate 120 and said microporous membrane 
140. A rupture element 130 that is directly adjacent to the 
microporous membrane 140 may facilitate wetting of the 
microporous membrane 140. More specifically, liquid may 
wick between rupture element 130 and the microporous 
membrane 140 allowing for maintenance of a larger wetted 
surface area of the microporous membrane 140. 
The rupture element 130 may be configured in any 

manner Such that a user can manually actuate the rupture 
element 130 and breach the rupturable substrate 120 with 
relative ease. In one embodiment, a user may actuate the 
rupture element 130 by manually compressing it. In other 
embodiments, the rupture element 130 may be actuated and 
breach the rupturable substrate 120 through contact with an 
element provided in a delivery engine housing that engages 
and compresses the rupture element 130. Suitable compres 
sion forces to breach the rupturable substrate 120 with a 
rupture element 130 may be less than about 25N, alterna 
tively, less than about 20N, alternatively less than about 
15N, alternatively less than about 10N, alternatively less 
than about 5N, alternatively from about 1N to about 15N, 
alternatively, from about 1N, to about 10N, alternatively, 
from about 1N to about 5.N. 
The compression force can be measured using an elec 

tromechanical testing system, QTest Elite 10, available from 
MTS, along with a modified UL 283 finger probe made of 
polyamide. The UL 283 finger probe is described in Stan 
dard for Air Fresheners and Deodorizers, UL Standard 283, 
FIG. 10.1 (UL Mar. 31, 2004). As described in UL 283, FIG. 
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6 
10.1, the radius of the finger tip is 3.5 mm; height of the 
finger tip is 5 mm; depth of the finger tip is 5.8 mm. 
However, unlike the finger probe described in the aforemen 
tioned text, the modified UL 283 finger probe does not 
include any articulating joints. Instead, it is in a fixed 
position that is perpendicular to the rupture element 130 
when testing is conducted. The testing occurs at ambient 
temperatures (23+2°C.). The perimeter of a delivery engine 
100 is rested on a support fixture, without directly contacting 
or directly securing the rupture element 130 to the support 
fixture. The crosshead speed of the electromechanical test 
ing system is set at 30 mm/min. The modified UL 283 finger 
probe is moved towards the rupture element 130 to contact 
a region where displacement is desired for rupturing a 
rupturable substrate 120. Where a flange 134 such as the one 
described herein is utilized, the desired region of displace 
ment is the mid-point of the flange 134. The mid-point is the 
point that is halfway between the proximal end and distal 
end 136. For example, where a flange 134 is 2 cm from 
proximal end to distal end 136, the mid-point is located at 1 
cm. The machine is run until the rupture element 130 is 
displaced by 6 mm. Zero displacement is defined as the point 
at which 0.1N of force (i.e. preload) is applied. The load at 
the first peak where the rupturable substrate 120 is broken is 
recorded as the force to rupture. Those of ordinary skill in 
the art will appreciate that compression forces will vary 
depending on the physical properties and placement of the 
microporous membrane 140, rupture element 130, and rup 
turable substrate 120 in a delivery engine 100. 

There are numerous embodiments of the rupture element 
130 described herein, all of which are intended to be 
non-limiting examples. FIG. 2 shows one non-limiting 
embodiment of the rupture element 130. In this embodiment, 
the rupture element 130 includes a flange 134 hinged to the 
rupture element 130. The flange 134 may be injection 
molded and may include a distal end 136. The distal end 136 
may include one or more piercing elements 138 located in 
the z-direction or towards the rupturable substrate 120. In 
one embodiment, the distal end 136 may include two spaced 
apart piercing elements 138 in the Z-direction. In an alternate 
embodiment, the distal end 136 may form a single point (not 
shown) along the x-y plane (not shown). 

It is contemplated that the rupture element 130 may 
include more than one flange 134 where additional points of 
rupture are desired. For example, the rupture element may 
include a first compressible flange and a second compress 
ible flange opposedly hinged to said rupture element (not 
shown). 

FIG. 3 shows another embodiment of a rupture element 
330 which includes one or more piercing elements 332 
Supported on a corresponding spring-like part 334. The 
spring-like part 334 may be a metal coil, polyolefin or 
polyurethane foam, injection molded bristles, injection 
molded plastic spring or hinge parts, or the like. Upon 
pressing the rupture element 330 towards the rupturable 
substrate 320, one or more piercing elements 332 will 
puncture the rupturable substrate 320 and then return to its 
original position. A user may manually compress or press 
downward in the z-direction on the flange 134 such that the 
rupturable substrate 120 is breached and a volatile material 
is released to the microporous membrane 140. 

FIG. 4 shows another embodiment of a rupture element 
430 where it is integrally formed with the reservoir 410. This 
can be accomplished by thermoforming, pressure forming, 
injection molding or any known means of forming plastic 
parts. The rupture element 430 in this embodiment, is a 
sharp piercing structure extending opposite from the interior 
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bottom 414 of the reservoir. A user may compress the bottom 
414 of the reservoir 410 to pierce the rupturable substrate 
420 with the rupture element 430. This embodiment elimi 
nates having to manufacture a separate rupture element 430, 
yet it performs the same function. 

Collection Basin 
Now referring to FIG. 5, the delivery engine 100 may 

optionally include a collection basin 112 to collect volatile 
materials from the reservoir 110 after the rupturable sub 
strate 120 is compromised. The collection basin 112 may be 
any size, shape or configuration, and may be made of any 
Suitable material. So long as it is in fluid communication with 
the reservoir 110 and the breathable membrane 140 upon 
rupturing the rupturable substrate 120. It may be sized to 
collect any suitable volume of a volatile material to provide 
a controlled volume of the volatile material to the breathable 
membrane 140. In one embodiment, the collection basin 112 
may be sized to collect about 1 ml to about 4 ml of volatile 
materials, alternatively about 1 ml to about 3 ml, alterna 
tively about 1 ml to about 2.5 ml, alternatively about 1.5 ml 
to about 1.8 ml. 

In one embodiment, the collection basin 112 may include 
a bottom 118 in the z-direction and a top that opens towards 
a breathable membrane 140. The breathable membrane 140 
may lie across the open top, enclosing the collection basin 
112 so liquid cannot flow freely out through the breathable 
membrane 140. The collection basin 112 may be integrally 
constructed with the body 104 of the delivery engine 100 in 
a thermoform part. 
As shown in FIG. 5, in one embodiment, the collection 

basin 112 is positioned downwardly or opposite the y-di 
rection from the reservoir 110. When the delivery engine 
100 is placed upright, a volatile material naturally flows 
down the reservoir 110 into the collection basin 112 ensuring 
a controlled, continual dosing of the microporous membrane 
140. Further, the collection basin 112 has depth along the 
Z-axis which is smaller in depth than the reservoir 110, and 
the bottom 118 of the collection basin lies closer to the 
microporous membrane 140 than the reservoir bottom 114. 
The proximity of the collection basin bottom 118 with the 
microporous membrane 140 helps to ensure a continual 
supply of volatile material and wet more surface area of the 
microporous membrane 140, even when very little volatile 
material remains in the delivery engine 100. When the liquid 
contact area of the microporous membrane 140 is greater, 
the evaporation rate of Volatile materials is higher and 
fragrance intensity can be maintained over longer periods. 
Membrane 
The delivery engine 100 includes a microporous mem 

brane 140. The microporous membrane 140 is vapor per 
meable and capable of wicking liquid, yet prevents free flow 
of liquid out of the membrane 140, thus addressing leakage 
problems. The microporous membrane 140 enables the 
diffusion of the volatile materials to be controlled by evapo 
ration of the liquid fragrance versus being dependent on the 
diffusion rates of a conventional polymer. 
The microporous membrane 140 may be secured to the lip 

102 of the delivery engine 100 in the same manner as the 
rupturable substrate 120 is sealed to the ridge 122 of the 
reservoir 110. The microporous membrane 140 encloses the 
reservoir 110, rupturable substrate 120, rupture element 130, 
and collection basin 112. In this way, the rupturable substrate 
120 may be breached by compressing the microporous 
membrane 140 and the rupture element 130. Once breached, 
the volatile material flows out of the reservoir 110, contacts 
the microporous membrane 140, and is delivered to the 
atmosphere. Because the microporous membrane 140 is 
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8 
shielded from the volatile material until the rupturable 
Substrate is breached, the fragrance intensity may build 
slowly from Zero to its equilibrium rate of release when the 
microporous membrane 140 is fully wetted. 
The microporous membrane 140 of the present invention 

may have limited selectivity leaving behind fewer perfume 
materials. Membranes that are selective, such as traditional 
polyethylenes, may inhibit high molecular weight volatile 
materials and materials with low solubility in polyethylene 
from diffusing through. This may limit perfume formula 
tions, for example in the field of air fresheners where it is 
typically desired to use formulations having a wide variety 
of volatile materials having different volatilities. For 
example, some membranes may preclude the diffusion of 
alcohols, such as linalool and dihydromyrcenol which are 
widely used in perfume applications. 

While not wishing to be bound by theory, the physical 
characteristics of a membrane may affect the diffusion or 
transfer rate of volatile materials through the membrane. 
Such characteristics may include materials used, use of 
fillers, pore size, thickness, and evaporative surface area. 
As used herein, the “volatile material contact surface' is 

that Surface of the microporous membrane that faces and 
typically is in contact with the volatile material, which is, for 
example, contained in a test reservoir, as described in further 
detail below. 
As used herein, the “vapor release surface' is that surface 

of the microporous membrane that does not face and/or 
contact directly the volatile material, and from which vola 
tile material is released into an exterior atmosphere in a 
gaseous or vapor form. 
As used herein, the term "(meth)acrylate” and similar 

terms, such as “esters of (meth)acrylic acid' means acrylates 
and/or methacrylates. 
As used herein, the “volatile material transfer rate' of the 

microporous membrane, was determined in accordance with 
the following description. A test reservoir was fabricated 
from a clear thermoplastic polymer, having interior Volume 
sufficient to contain 2 milliliters of volatile material such as 
benzyl acetate. The interior dimensions of the reservoir was 
defined by a circular diameter at the edge of the open face 
of approximately 4 centimeters and a depth of no greater 
than 1 centimeter. The open face was used to determine the 
volatile material transfer rate. With the test reservoir laying 
flat (with the open face facing upward), about 2 milliliters of 
benzyl acetate was introduced into the test reservoir. With 
benzyl acetate introduced into the test reservoir, a sheet of 
microporous membrane having a thickness of from 6 to 18 
mils was placed over the open face/side of the test reservoir, 
such that 10 cm of the volatile material contact surface of 
the microporous membrane was exposed to the interior of 
the reservoir. The test reservoir was weighed to obtain an 
initial weight of the entire charged assembly. The test 
reservoir, containing benzyl acetate and enclosed with the 
sheet of microporous membrane, was then placed, standing 
upright, in a laboratory chemical fume hood having approxi 
mate dimensions of 5 feet (height)x5 feet (width)x2 feet 
(depth). With the test reservoir standing upright, benzyl 
acetate was in direct contact with at least a portion of the 
Volatile material contact surface of the microporous mem 
brane. The glass doors of the fume hood were pulled down, 
and the air flow through the hood was adjusted so as to have 
8 turns (or turnovers) of hood volume per hour. Unless 
otherwise indicated, the temperature in the hood was main 
tained at 25°C.-5°C. The humidity within in the fume hood 
was ambient. The test reservoirs were regularly weighed in 
the hood. The calculated weight loss of benzyl acetate, in 
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combination with the elapsed time and surface area of the 
microporous membrane exposed to the interior of the test 
reservoir, were used to determine the volatile transfer rate of 
the microporous membrane, in units of mg/(hour, cm). 
As used herein, the percent increase in Volatile material 

transfer rate of the microporous membrane of the present 
invention from 25°C. to 60°C. was determined for separate 
but Substantially equivalent microporous membrane samples 
at 25° C. and 60° C., in accordance with the method 
described above. Reservoirs were placed in a large glass bell 
jar and over a 50% aqueous solution of potassium chloride 
also contained in the bell jar. The entire belljar with contents 
was placed in an oven heated to 60°C. The reservoirs were 
held under these conditions for a period of 7 to 10 hours. The 
reservoirs were then returned to the hood at ambient con 
ditions overnight and the process was repeated over several 
days. Each of the reservoirs was weighed before being 
placed in the bell jar and after being removed from the bell 
jar. Upon removal from the bell jar, the weight of each 
reservoir was taken after the reservoir had returned to 
ambient temperature. 
As used herein, whether the vapor release surface of the 

microporous membrane is “substantially free of volatile 
material in liquid form' was determined in accordance with 
the following description. When the test reservoirs were 
weighed, as described above, the vapor release surface of the 
microporous membrane was examined visually by naked 
eye to determine if drops and/or a film of liquid were present 
there-on. If any evidence of drops (i.e., a single drop) and/or 
a film of liquid was visually observed on the vapor release 
surface, but did not run off the surface, the microporous 
membrane was considered to be acceptable. If the drops ran 
off the Surface, the microporous membrane was determined 
to have failed. If no evidence of drops (i.e., not one drop) 
and/or a film of liquid was visually observed on the vapor 
release Surface, the microporous membrane was determined 
to be substantially free of volatile material in liquid form. 

Transfer Rate 
The volatile material transfer rate of the microporous 

membrane can be less than or equal to 0.7 mg/(hour*cm), 
or less than or equal to 0.6 mg/(hour*cm), or less than or 
equal to 0.55 mg/(hour*cm), or less than or equal to 0.50 
mg/(hour*cm). The volatile material transfer rate of the 
microporous membrane can be equal to or greater than 0.02 
mg/(hour*cm), or equal to or greater than 0.04 mg/ 
(hour*cm), or equal to or greater than 0.30 mg/(hour*cm), 
or equal to or greater than 0.35 mg/(hour*cm). The volatile 
material transfer rate of the microporous membrane may 
range between any combination of these upper and lower 
values. For example, the volatile material transfer rate of the 
microporous membrane can be from 0.04 to 0.6 mg/ 
(hour*cm), or from 0.2 to 0.6 mg/(hour*cm), or from 0.30 
to 0.55 mg/(hour*cm), or from 0.35 to 0.50 mg/ 
(hour*cm), in each case inclusive of the recited values. 

While not intending to be bound by any theory, when 
volatile material is transferred from the volatile material 
contact Surface to the vapor release surface of the micropo 
rous membrane, it is believed that the volatile material is in 
a form selected from liquid, vapor, and a combination 
thereof. In addition, and without intending to be bound by 
any theory, it is believed that the volatile material, at least in 
part, moves through the network of interconnecting pores 
that communicate Substantially throughout the microporous 
membrane. 

Density and Coatings 
The microporous membrane can have a density of at least 

0.7 g/cm, such as at least 0.8 g/cm. As used herein, the 
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10 
density of the microporous membrane is determined by 
measuring the weight and Volume of a sample of the 
microporous membrane. The upper limit of the density of 
the microporous membrane may range widely, provided it 
has a targeted volatile material transfer rate of for example, 
from 0.04 to 0.6 mg/(hour*cm), and the vapor release 
surface is substantially free of volatile material in liquid 
form when volatile material is transferred from the volatile 
material contact Surface to said vapor release Surface. Typi 
cally, the density of the microporous membrane is less than 
or equal to 1.5 g/cm, or less than or equal to 1.2 g/cm, or 
less than or equal to 1.0 g/cm. The microporous membrane 
can have a density of from 0.7 g/cm to 1.5 g/cm, for 
example, from 0.8 g/cm to 1.2 g/cm, inclusive of the 
recited values. 
When the microporous membrane has a density of at least 

0.7 g/cm, such as at least 0.8 g/cm, the volatile material 
contact Surface and the vapor release surface of the micropo 
rous membrane each may be free of a coating material 
thereon. When free of a coating material thereon, the volatile 
material contact surface and the vapor release Surface each 
are defined by the microporous membrane. 
When the microporous membrane has a density of at least 

0.7 g/cm, such as at least 0.8 g/cm, at least a portion of the 
Volatile material contact surface of the microporous mem 
brane, optionally, may have a first coating thereon, and/or at 
least a portion of the vapor release surface of the micropo 
rous membrane, optionally, may have a second coating 
thereon. The first coating and the second coating may be the 
same or different. When at least a portion of the volatile 
material contact surface has a first coating thereon, the 
volatile material contact surface is defined at least in part by 
the first coating. When at least a portion of the vapor release 
Surface has a second coating thereon, the vapor release 
Surface is defined at least in part by the second coating. 
The first coating and the second coating may each be 

selected from liquid coatings and Solid particulate coatings 
(e.g., powder coatings). Typically, each of the first and 
second coatings independently is selected from liquid coat 
ings which may optionally include a solvent selected from 
water, organic solvents and combinations thereof. The first 
and second coatings each independently may be selected 
from crosslinkable coatings (e.g., thermosetting coatings 
and photo-curable coatings), and non-crosslinkable coatings 
(e.g., air-dry coatings). The first and second coatings may be 
applied to the respective surfaces of the microporous mem 
brane in accordance with art-recognized methods, such as 
spray application, curtain coating, dip coating, and/or 
drawn-down coating (e.g., by means of a doctor blade or 
draw-down bar) techniques. 
The first and second coating compositions each indepen 

dently can include art-recognized additives, such as antioxi 
dants, ultraviolet light stabilizers, flow control agents, dis 
persion stabilizers (e.g., in the case of aqueous dispersions), 
and colorants (e.g., dyes and/or pigments). Typically, the 
first and second coating compositions are free of colorants, 
and are as Such substantially clear or opaque. Optional 
additives may be present in the coating compositions in 
individual amounts of from, for example, 0.01 to 10 percent 
by weight, based on the total weight of the coating compo 
sition. 
The first coating and said second coating each indepen 

dently can be formed from an aqueous coating composition 
that includes dispersed organic polymeric material. The 
aqueous coating composition may have a particle size of 
from 200 to 400 nm. The solids of the aqueous coating 
composition may vary widely, for example from 0.1 to 30 
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percent by weight, or from 1 to 20 percent by weight, in each 
case based on total weight of the aqueous coating compo 
sition. The organic polymers of the aqueous coating com 
positions may have number average molecular weights (Mn) 
of, for example, from 1000 to 4,000,000, or from 10,000 to 
2,000,000. 
The aqueous coating composition can be selected from 

aqueous poly(meth)acrylate dispersions, aqueous polyure 
thane dispersions, aqueous silicone (or silicon) oil disper 
sions, and combinations thereof. The poly(meth)acrylate 
polymers of the aqueous poly(meth)acrylate dispersions 
may be prepared in accordance with art-recognized meth 
ods. For example, the poly(meth)acrylate polymers may 
include residues (or monomer units) of alkyl (meth)acrylates 
having from 1 to 20 carbon atoms in the alkyl group. 
Examples of alkyl (meth)acrylates having from 1 to 20 
carbon atoms in the alkyl group include, but are not limited 
to, methyl (meth)acrylate, ethyl (meth)acrylate, 2-hydroxy 
ethyl (meth)acrylate, propyl (meth)acrylate, 2-hydroxypro 
pyl (meth)acrylate, isopropyl (meth)acrylate, butyl (meth) 
acrylate, isobutyl (meth)acrylate, tert-butyl (meth)acrylate, 
2-ethylhexyl (meth)acrylate, lauryl (meth)acrylate, isobor 
nyl (meth)acrylate, cyclohexyl (meth)acrylate, and 3.3.5- 
trimethylcyclohexyl (meth)acrylate. For purposes of non 
limiting illustration, an example of an aqueous poly(meth) 
acrylate dispersion from which the first and second coating 
compositions may each be independently selected is 
HYCAR 26138, which is commercially available from 
Lubrizol Advanced Materials, Inc. 
The polyurethane polymers of the aqueous polyurethane 

dispersions, from which the first and second coatings each 
independently may be selected, include any of those known 
to the skilled artisan. Typically the polyurethane polymers 
are prepared from isocyanate functional materials having 
two or more isocyanate groups, and active hydrogen func 
tional materials having two or more active hydrogen groups. 
The active hydrogen groups may be selected from, for 
example, hydroxyl groups, thiol groups, primary amines, 
secondary amines, and combinations thereof. For purposes 
of non-limiting illustration, an example of an aqueous poly 
urethane dispersion from which the first and second coating 
compositions may each be independently selected is WIT 
COBOND W-240, which is commercially available from 
Chemtura Corporation. 
The silicon polymers of the aqueous silicone oil disper 

sions may be selected from known and art-recognized 
aqueous silicone oil dispersions. For purposes of non-lim 
iting illustration, an example of an aqueous silicon disper 
sion from which the first and second coating compositions 
may each be independently selected is MOMENTIVE 
LE-410, which is commercially available from Momentive 
Performance Materials. 
The first coating and the second coating each indepen 

dently can be applied at any suitable thickness, provided the 
microporous membrane has a targeted volatile material 
transfer rate of, for example, from 0.04 to 0.6 mg/ 
(hour*cm), and the vapor release surface is substantially 
free of volatile material in liquid form when volatile material 
is transferred from the volatile material contact surface to 
said vapor release surface. Also, the first coating and the 
second coating each independently can have a coating 
weight (i.e., the coating on the microporous membrane) of 
from 0.01 to 5.5 g/m, such as from 0.1 to 5.0 g/m, or from 
0.5 to 3 g/m, or from 0.75 to 2.5 g/m, or from 1 to 2 g/m. 
The microporous membrane can have a density of less 

than 0.8 g/cm, and at least a portion of the volatile material 
contact Surface of the microporous membrane can have a 
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12 
first coating thereon, and/or at least a portion of the vapor 
release surface of the microporous membrane can have a 
second coating thereon. The first coating and the second 
coating may be the same or different, and each indepen 
dently is as described previously herein with regard to the 
optional first and second coatings of the microporous mem 
brane having a density of at least 0.7 g/cm. 
When less than 0.7 g/cm, the density of the microporous 

membrane of the present invention may have any Suitable 
lower limit, provided the microporous membrane has a 
targeted volatile material transfer rate of, for example, from 
0.04 to 0.6 mg/(hour*cm), and the vapor release surface is 
substantially free of volatile material in liquid form when 
volatile material is transferred from the volatile material 
contact surface to said vapor release surface. With this 
particular embodiment of the present invention, the density 
of the microporous membrane may be from 0.6 to less than 
0.8 g/cm, or from 0.6 to 0.75 g/cm (e.g., from 0.60 to 0.75 
g/cm) or from 0.6 to 0.7 g/cm (e.g., from 0.60 to 0.70 
g/cm), or from 0.65 to 0.70 g/cm. 

Further, at least a portion of the volatile material contact 
Surface of the microporous membrane can have a first 
coating thereon, and/or at least a portion of the vapor release 
Surface of the microporous membrane can have a second 
coating thereon, in which each of the first and second 
coatings independently is selected from a coating composi 
tion comprising a poly(vinyl alcohol). 

With the poly(vinyl alcohol) coated embodiment of the 
present invention, when the microporous membrane (i.e., the 
poly(vinyl alcohol) coated microporous membrane) is 
exposed to a temperature increase of from 25°C. to 60°C., 
the volatile material transfer rate thereof increases by less 
than or equal 150 percent. When the poly(vinyl alcohol) 
coated microporous membrane) is exposed to a temperature 
increase (e.g., from an ambient temperature of from 25°C. 
to 60° C.) the volatile material transfer rate typically 
increases, and typically does not decrease unless, for 
example, the microporous membrane has been damaged by 
exposure to the higher ambient temperature. As such, and as 
used herein and in the claims, the statement “the volatile 
material transfer rate thereof increases by less than or equal 
to a stated percent” (e.g., 150 percent), is inclusive of a 
lower limit of 0 percent, but is not inclusive of a lower limit 
that is less than 0 percent. 

For purposes of illustration, when the poly(vinyl alcohol) 
coated microporous membrane has a volatile material trans 
fer rate of 0.3 mg/(hour*cm) at 25°C., when the micropo 
rous membrane is exposed to a temperature of 60° C., the 
Volatile material transfer rate increases to a value that is less 
than or equal to 0.75 mg/(hour*cm). 

In an embodiment of the present invention, when the 
microporous membrane (i.e., the poly(vinyl alcohol) coated 
microporous membrane) is exposed to a temperature 
increase of from 25° C. to 60° C., the volatile material 
transfer rate thereof increases by less than or equal 125 
percent. For example, when the poly(vinyl alcohol) coated 
microporous membrane has a volatile material transfer rate 
of 0.3 mg/(hour*cm) at 25° C., when the microporous 
membrane is exposed to a temperature of 60°C., the volatile 
material transfer rate increases to a value that is less than or 
equal to 0.68 mg/(hour*cm). 

Further, when the microporous membrane (i.e., the poly 
(vinyl alcohol) coated microporous membrane) is exposed to 
a temperature increase of from 25°C. to 60° C., the volatile 
material transfer rate thereof increases by less than or equal 
100 percent. For example, when the poly(vinyl alcohol) 
coated microporous membrane has a volatile material trans 
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fer rate of 0.3 mg/(hour*cm) at 25°C., when the micropo 
rous membrane is exposed to a temperature of 60° C., the 
Volatile material transfer rate increases to a value that is less 
than or equal to 0.6 mg/(hour*cm). 

The first and second poly(vinyl alcohol) coatings each 
independently may be present in any Suitable coating 
weight, provided the microporous membrane has a targeted 
volatile material transfer rate of for example, at least 0.04 
mg/(hour*cm), and when the microporous membrane (i.e., 
the poly(vinyl alcohol) coated microporous membrane) is 
exposed to a temperature increase of from 25°C. to 60°C., 
the volatile material transfer rate thereof increases by less 
than or equal to 150 percent. Typically, the first poly(vinyl 
alcohol) coating and the second poly(vinyl alcohol) coating 
each independently have a coating weight of from 0.01 to 
5.5 g/m, such as from 0.1 to 4.0 g/m, or from 0.5 to 3.0 
g/m, or from 0.75 to 2.0 g/m. 
The volatile material transfer rate of the poly(vinyl alco 

hol) coated microporous membrane can be at least 0.02 
mg/(hour*cm). The volatile material transfer rate of the 
poly(vinyl alcohol) coated microporous membrane may be 
equal to or greater than 0.04 mg/(hour*cm), or equal to or 
greater than 0.1 mg/(hour*cm), or equal to or greater than 
0.2 mg/(hour*cm), equal to or greater than 0.30 mg/ 
(hour*cm), or equal to or greater than 0.35 mg/(hour*cm). 
The volatile material transfer rate of the poly(vinyl alcohol) 
coated microporous membrane may be less than or equal to 
0.7 mg/(hour*cm), or less than or equal to 0.6 mg/ 
(hour*cm), or less than or equal to 0.55 mg/(hour*cm), or 
less than or equal to 0.50 mg/(hour*cm). The volatile 
material transfer rate of the poly(vinyl alcohol) coated 
microporous membrane may range between any combina 
tion of these upper and lower values, inclusive of the recited 
values. For example, the volatile material transfer rate of the 
poly(vinyl alcohol) coated microporous membrane can be at 
least 0.02 mg/(hour*cm), such as from 0.04 to 0.70 mg/ 
(hour*cm), or from 0.04 to 0.60 mg/(hour*cm), or from 
0.20 to 0.60 mg/(hour*cm), or from 0.30 to 0.55 mg/ 
(hour*cm), or from 0.35 to 0.50 mg/(hour*cm), in each 
case inclusive of the recited values. 
The density of the microporous membrane of the poly 

(vinyl alcohol) coated microporous membrane of the present 
invention may vary widely, provided that the poly(vinyl 
alcohol) coated microporous membrane has a targeted vola 
tile material transfer rate, for example, of at least 0.04 
mg/(hour*cm), and when the microporous membrane (i.e., 
the poly(vinyl alcohol) coated microporous membrane) is 
exposed to a temperature increase of from 25°C. to 60°C., 
the volatile material transfer rate thereof increases by less 
than or equal to 150 percent. 

Further, the density of the microporous membrane, of the 
poly(vinyl alcohol) coated microporous membrane, may be 
at least 0.7 g/cm, such as at least 0.8 g/cm (e.g., from 0.8 
to 1.2 g/cm) all inclusive of the recited values. In an 
embodiment of the present invention, the density of the 
poly(vinyl alcohol) coated microporous membrane (i.e., the 
density of the microporous membrane prior to application of 
the poly(vinyl alcohol) coating) is less than 0.8 g/cm. For 
example, the density of the microporous membrane, of the 
poly(vinyl alcohol) coated microporous membrane, may be 
from 0.6 to less than 0.8 g/cm, or from 0.6 to 0.75 g/cm 
(e.g., from 0.60 to 0.75 g/cm) or from 0.6 to 0.7 g/cm (e.g., 
from 0.60 to 0.70 g/cm), or from 0.65 to 0.70 g/cm, all 
inclusive of the recited values. 

With the poly(vinyl alcohol) coated microporous mem 
brane of the present invention, when volatile material is 
transferred from the volatile material contact surface to the 
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vapor release Surface, the vapor release Surface is Substan 
tially free of volatile material in liquid form. 
The poly(vinyl alcohol) coating may be selected from 

liquid coatings which may optionally include a solvent 
selected from water, organic solvents and combinations 
thereof. The poly(vinyl alcohol) coating may be selected 
from crosslinkable coatings (e.g., thermosetting coatings), 
and non-crosslinkable coatings (e.g., air-dry coatings). The 
poly(vinyl alcohol) coating may be applied to the respective 
Surfaces of the microporous membrane in accordance with 
art-recognized methods, Such as spray application, curtain 
coating, or drawn-down coating (e.g., by means of a doctor 
blade or draw-down bar). 

In an embodiment of the present invention, the first and 
second poly(Vinyl alcohol) coatings are each independently 
formed from aqueous poly(vinyl alcohol) coating composi 
tions. The solids of the aqueous poly(vinyl alcohol) coating 
composition may vary widely, for example from 0.1 to 15 
percent by weight, or from 0.5 to 9 percent by weight, in 
each case based on total weight of the aqueous coating 
composition. The poly(vinyl alcohol) polymer of the poly 
(vinyl alcohol) coating compositions may have number 
average molecular weights (Mn) of, for example, from 100 
to 1,000,000, or from 1000 to 750,000. 
The poly(vinyl alcohol) polymer of the poly(vinyl alco 

hol) coating composition may be a homopolymer or copo 
lymer. Co-monomer from which the poly(vinyl alcohol) 
copolymer may be prepared include those which are copo 
lymerizable (by means of radical polymerization) with vinyl 
acetate, and which are known to the skilled artisan. For 
purposes of illustration, comonomers from which the poly 
(vinyl alcohol) copolymer may be prepared include, but are 
not limited to: (meth)acrylic acid, maleic acid, fumaric acid, 
crotonic acid, metal salts thereof, alkyl esters thereof (e.g., 
C-C alkyl esters thereof), polyethylene glycol esters 
thereof, and polypropylene glycol esters thereof, vinyl chlo 
ride, tetrafluoroethylene, 2-acrylamido-2-methyl-propane 
Sulfonic acid and its salts; acrylamide; N-alkyl acrylamide; 
N,N-dialkyl substituted acrylamides; and N-vinyl forma 
mide. 

For purposes of non-limiting illustration, an example of 
poly(vinyl alcohol) coating composition that may be used to 
form the poly(vinyl alcohol) coated microporous membrane 
of the present invention, is CELVOL 325, which is com 
mercially available from Sekisui Specialty Chemicals. 
The first and second poly(vinyl alcohol) coating compo 

sitions each independently can include art-recognized addi 
tives, such as antioxidants, ultraviolet light stabilizers, flow 
control agents, dispersion stabilizers (e.g., in the case of 
aqueous dispersions), and colorants (e.g., dyes and/or pig 
ments). Typically, the first and second poly(vinyl alcohol) 
coating compositions are free of colorants, and are as Such 
Substantially clear or opaque. Optional additives may be 
present in the poly(vinyl alcohol) coating compositions in 
individual amounts of from, for example, 0.01 to 10 percent 
by weight, based on the total weight of the coating compo 
sition. 

Matrix 
The matrix of the microporous membrane is composed of 

Substantially water-insoluble thermoplastic organic poly 
mer. Such polymers suitable for use as the matrix can widely 
vary. In general, any Substantially water-insoluble thermo 
plastic organic polymer which can be extruded, calendered, 
pressed, or rolled into film, sheet, Strip, or web may be used. 
The polymer may be a single polymer or it may be a mixture 
of polymers. The polymers may be homopolymers, copoly 
mers, random copolymers, block copolymers, graft copoly 



US 9,468,697 B2 
15 

mers, atactic polymers, isotactic polymers, syndiotactic 
polymers, linear polymers, or branched polymers. When 
mixtures of polymers are used, the mixture may be homo 
geneous or it may comprise two or more polymeric phases. 

Examples of classes of suitable substantially water-in 
soluble thermoplastic organic polymers include thermoplas 
tic polyolefins, poly(halo-substituted olefins), polyesters, 
polyamides, polyurethanes, polyureas, poly(Vinyl halides), 
poly(vinylidene halides), polystyrenes, poly(vinyl esters), 
polycarbonates, polyethers, polysulfides, polyimides, poly 
silanes, polysiloxanes, polycaprolactones, polyacrylates, 
and polymethacrylates. Hybrid classes, from which the 
water-insoluble thermoplastic organic polymers may be 
selected include, for example, thermoplastic poly(urethane 
ureas), poly(ester-amides), poly(silane-siloxanes), and poly 
(ether-esters) are within contemplation. Further examples of 
Suitable Substantially water-insoluble thermoplastic organic 
polymers include thermoplastic high density polyethylene, 
low density polyethylene, ultra high molecular weight poly 
ethylene (“UHMWPE), polypropylene (atactic, isotactic, 
or syndiotactic), poly(vinyl chloride), polytetrafluoroethyl 
ene, copolymers of ethylene and acrylic acid, copolymers of 
ethylene and methacrylic acid, poly(vinylidene chloride), 
copolymers of vinylidene chloride and vinyl acetate, copo 
lymers of vinylidene chloride and vinyl chloride, copoly 
mers of ethylene and propylene, copolymers of ethylene and 
butene, poly(vinyl acetate), polystyrene, poly(omega-amin 
oundecanoic acid) poly(hexamethylene adipamide), poly 
(epsilon-caprolactam), and poly(methyl methacrylate). The 
recitation of these classes and example of Substantially 
water-insoluble thermoplastic organic polymers is not 
exhaustive, and are provided for purposes of illustration. 

Substantially water-insoluble thermoplastic organic poly 
mers may in particular include, for example, poly(vinyl 
chloride), copolymers of vinyl chloride, or mixtures thereof. 
In an embodiment the water-insoluble thermoplastic organic 
polymer includes an ultrahigh molecular weight polyolefin 
selected from: ultrahigh molecular weight polyolefin (e.g., 
essentially linear ultrahigh molecular weight polyolefin) 
having an intrinsic viscosity of at least 10 deciliters/gram; or 
ultrahigh molecular weight polypropylene (e.g., essentially 
linear ultrahigh molecular weight polypropylene) having an 
intrinsic viscosity of at least 6 deciliters/gram; or a mixture 
thereof. In a particular embodiment, the water-insoluble 
thermoplastic organic polymer includes UHMWPE (e.g., 
linear ultrahigh molecular weight polyethylene) having an 
intrinsic viscosity of at least 18 deciliters/gram. 
UHMWPE is not a thermoset polymer having an infinite 

molecular weight, it is technically classified as a thermo 
plastic. However, because the molecules are substantially 
very long chains, UHMWPE softens when heated but does 
not flow as a molten liquid in a normal thermoplastic 
manner. The very long chains and the peculiar properties 
they provide to UHMWPE are believed to contribute in large 
measure to the desirable properties of microporous mem 
branes made using this polymer. 
As indicated previously, the intrinsic viscosity of the 

UHMWPE is at least about 10 deciliters/gram. Usually the 
intrinsic viscosity is at least about 14 deciliters/gram. Often 
the intrinsic viscosity is at least about 18 deciliters/gram. In 
many cases the intrinsic viscosity is at least about 19 
deciliters/gram. Although there is no particular restriction on 
the upper limit of the intrinsic viscosity, the intrinsic vis 
cosity is frequently in the range of from about 10 to about 
39 deciliters/gram. The intrinsic viscosity is often in the 
range of from about 14 to about 39 deciliters/gram. In most 
cases the intrinsic viscosity is in the range of from about 18 
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to about 39 deciliters/gram. An intrinsic viscosity in the 
range of from about 18 to about 32 deciliters/gram is 
preferred. 
The nominal molecular weight of UHMWPE is empiri 

cally related to the intrinsic viscosity of the polymer accord 
ing to the equation: 

where M(UHMWPE) is the nominal molecular weight and 
m is the intrinsic viscosity of the UHMW polyethylene 
expressed in deciliters/gram. 
As used herein, intrinsic viscosity is determined by 

extrapolating to Zero concentration the reduced viscosities or 
the inherent viscosities of several dilute solutions of the 
UHMWPE where the solvent is freshly distilled decahy 
dronaphthalene to which 0.2 percent by weight, 3,5-di-tert 
butyl-4-hydroxyhydrocinnamic acid, neopentanetetray1 
ester CAS Registry No. 6683-19-8 has been added. The 
reduced viscosities or the inherent viscosities of the UHM 
WPE are ascertained from relative viscosities obtained at 
135.degree. C. using an Ubbelohde No. 1 viscometer in 
accordance with the general procedures of ASTM D 4020 
81, except that several dilute solutions of differing concen 
tration are employed. ASTM D 4020-81 is, in its entirety, 
incorporated herein by reference. 
The matrix can comprise a mixture of Substantially linear 

UHMWPE having an intrinsic viscosity of at least 10 
deciliters/gram, and lower molecular weight polyethylene 
having an ASTM D 1238-86 Condition E melt index of less 
than 50 grams/10 minutes and an ASTM D 1238-86 Con 
dition F melt index of at least 0.1 gram/10 minutes. The 
nominal molecular weight of the lower molecular weight 
polyethylene (LMWPE) is lower than that of the UHMWPE. 
LMWPE is thermoplastic and many different types are 
known. One method of classification is by density, expressed 
in grams/cubic centimeter and rounded to the nearest thou 
sandth, in accordance with ASTM D 1248-84 (re-approved 
1989), as summarized in the following Table 1. 

TABLE 1. 

Type Abbreviation Density (g/cm) 

Low Density Polyethylene LDPE O.910-0.925 
Medium Density Polyethylene MDPE O.926-0.940 
High Density Polyethylene HDPE O941-0.96S 

Any or all of these polyethylenes may be used as the 
LMWPE in the microporous membrane of the present 
invention. For some applications, HDPE may be used 
because it ordinarily tends to be more linear than MDPE or 
LDPE, ASTM D 1248-84 (Reapproved 1989) is, in its 
entirety, incorporated herein by reference. 

Processes for making the various LMWPEs are well 
known and well documented. They include the high pressure 
process, the Phillips Petroleum Company process, the Stan 
dard Oil Company (Indiana) process, and the Ziegler pro 
cess. The ASTM D 1238-86 Condition E (that is, 
190.degree. C. and 2.16 kilogram load) melt index of the 
LMWPE is less than about 50 grams/10 minutes. Often the 
Condition E melt index is less than about 25 grams/10 
minutes. Preferably the Condition E melt index is less than 
about 15 grams/10 minutes. The ASTM D 1238-86 Condi 
tion F (that is, 190.degree. C. and 21.6 kilogram load) melt 
index of the LMWPE is at least 0.1 gram/10 minutes. In 
many cases the Condition F melt index is at least about 0.5 
gram/10 minutes. Preferably the Condition F melt index is 
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at least about 1.0 gram/10 minutes. ASTM D 1238-86 is, in 
its entirety, incorporated herein by reference. 

Sufficient UHMWPE and LMWPE should be present in 
the matrix to provide their properties to the microporous 
membrane. Other thermoplastic organic polymer may also 
be present in the matrix so long as its presence does not 
materially affect the properties of the microporous mem 
brane in an adverse manner. The other thermoplastic poly 
mer may be one other thermoplastic polymer or it may be 
more than one other thermoplastic polymer. The amount of 
the other thermoplastic polymer which may be present 
depends upon the nature of Such polymer. Examples of 
thermoplastic organic polymers which may optionally be 
present include poly(tetrafluoroethylene), polypropylene, 
copolymers of ethylene and propylene, copolymers of eth 
ylene and acrylic acid, and copolymers of ethylene and 
methacrylic acid. If desired, all or a portion of the carboxyl 
groups of carboxyl-containing copolymers may be neutral 
ized with sodium, zinc, or the like. 
The UHMWPE and the LMWPE together can constitute 

at least 65 percent by weight of the polymer of the matrix, 
such as at least 85 percent by weight of the polymer of the 
matrix, or the UHMWPE and the LMWPE together can 
constitute substantially 100 percent by weight of the poly 
mer of the matrix. The UHMWPE can constitute at least one 
percent by weight of the polymer of the matrix, and the 
UHMWPE and the LMWPE together constitute substan 
tially 100 percent by weight of the polymer of the matrix. 
Where the UHMWPE and the LMWPE together consti 

tute 100 percent by weight of the polymer of the matrix of 
the microporous membrane, the UHMWPE can constitute 
greater than or equal to 40 percent by weight of the polymer 
of the matrix, Such as greater than or equal to 45 percent by 
weight, or greater than or equal to 48 percent by weight, or 
greater than or equal to 50 percent by weight, or greater than 
or equal to 55 percent by weight of the polymer of the 
matrix. Also, the UHMWPE can constitute less than or equal 
to 99 percent by weight of the polymer of the matrix, such 
as less than or equal to 80 percent by weight, or less than or 
equal to 70 percent by weight, or less than or equal to 65 
percent by weight, or less than or equal to 60 percent by 
weight of the polymer of the matrix. The level of UHMWPE 
comprising the polymer of the matrix can range between any 
of these values inclusive of the recited values. 

Likewise, where the UHMWPE and the LMWPE together 
constitute 100 percent by weight of the polymer of the 
matrix of the microporous membrane, the LMWPE can 
constitute greater than or equal to 1 percent by weight of the 
polymer of the matrix, Such as greater than or equal to 5 
percent by weight, or greater than or equal to 10 percent by 
weight, or greater than or equal to 15 percent by weight, or 
greater than or equal to 20 percent by weight, or greater than 
or equal to 25 percent by weight, or greater than or equal to 
30 percent by weight, or greater than or equal to 35 percent 
by weight, or greater than or equal to 40 percent by weight, 
or greater than or equal to 45 percent by weight, or greater 
than or equal to 50 percent by weight, or greater than or 
equal to 55 percent by weight of the polymer of the matrix. 
Also, the LMWPE can constitute less than or equal to 70 
percent by weight of the polymer of the matrix. Such as less 
than or equal to 65 percent by weight, or less than or equal 
to 60 percent by weight, or less than or equal to 55 percent 
by weight, or less than or equal to 50 percent by weight, or 
less than or equal to 45 percent by weight of the polymer of 
the matrix. The level of the LMWPE can range between any 
of these values inclusive of the recited values. 
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It should be noted that for any of the previously described 

microporous membranes of the present invention, the 
LMWPE can comprise high density polyethylene. 

Fillers 
The microporous membrane may be filled with any suit 

able filler and plasticizer known in the art. Fillers may 
include finely-divided, substantially water-insoluble particu 
late filler material such as finely divided silica, clays, 
Zeolites, carbonates, charcoals, and mixtures thereof. The 
particulate filler material may include an organic particulate 
material and/or an inorganic particulate material. The par 
ticulate filler material typically is not colored, for example, 
the particulate filler material is a white or off-white particu 
late filler material. Such as a siliceous or clay particulate 
material. 
The finely divided substantially water-insoluble filler par 

ticles may constitute from 20 to 90 percent by weight of the 
microporous membrane. For example, Such filler particles 
may constitute from 20 to 90 percent by weight of the 
microporous membrane, such as from 30 percent to 90 
percent by weight of the microporous membrane, or from 40 
to 90 percent by weight of the microporous membrane, or 
from 40 to 85 percent by weight of the microporous mem 
brane, or from 50 to 90 percent by weight of the microporous 
membrane and even from 60 percent to 90 percent by weight 
of the microporous membrane. 

In one embodiment the microporous membrane may be 
filled with about 50% to about 80%, by total weight, of 
silica, alternatively about 60% to about 80%, alternatively 
about 70% to about 80%, alternatively about 70% to about 
75%. 
The finely divided substantially water-insoluble particu 

late filler may be in the form of ultimate particles, aggregates 
of ultimate particles, or a combination of both. At least about 
90 percent by weight of the filler used in preparing the 
microporous membrane has gross particle sizes in the range 
of from 0.5 to about 200 micrometers, such as from 1 to 100 
micrometers, as determined by the use of a laser diffraction 
particle size instrument, LS230 from Beckman Coulton, 
capable of measuring particle diameters as Small as 0.04 
micron. Typically, at least 90 percent by weight of the 
particulate filler has gross particle sizes in the range of from 
10 to 30 micrometers. The sizes of the filler agglomerates 
may be reduced during processing of the ingredients used to 
prepare the microporous membrane. Accordingly, the dis 
tribution of gross particle sizes in the microporous mem 
brane may be smaller than in the raw filler itself. 

Non-limiting examples of Suitable organic and inorganic 
particulate materials, that may be used in the microporous 
membrane of the present invention, include those described 
in U.S. Pat. No. 6,387,519 B1 at column 9, line 4 to column 
13, line 62, the cited portions of which are incorporated 
herein by reference. 

In a particular embodiment of the present invention, the 
particulate filler material comprises siliceous materials. 
Non-limiting examples of siliceous fillers that may be used 
to prepare the microporous membrane include silica, mica, 
montmorillonite, kaolinite, nanoclays Such as cloisite avail 
able from Southern Clay Products, talc, diatomaceous earth, 
Vermiculite, natural and synthetic Zeolites, calcium silicate, 
aluminum silicate, Sodium aluminum silicate, aluminum 
polysilicate, alumina silica gels and glass particles. In addi 
tion to the siliceous fillers, other finely divided particulate 
substantially water-insoluble fillers optionally may also be 
employed. Non-limiting examples of Such optional particu 
late fillers include carbon black, charcoal, graphite, titanium 
oxide, iron oxide, copper oxide, Zinc oxide, antimony oxide, 
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Zirconia, magnesia, alumina, molybdenum disulfide, Zinc 
Sulfide, barium sulfate, strontium Sulfate, calcium carbonate, 
and magnesium carbonate. In a non-limiting embodiment, 
the siliceous filler may include silica and any of the afore 
mentioned clays. Non-limiting examples of silicas include 
precipitated silica, silica gel, fumed silica, and combinations 
thereof. 

Silica gel is generally produced commercially by acidi 
fying an aqueous solution of a soluble metal silicate, e.g., 
sodium silicate at low pH with acid. The acid employed is 
generally a strong mineral acid Such as Sulfuric acid or 
hydrochloric acid, although carbon dioxide can be used. 
Inasmuch as there is essentially no difference in density 
between the gel phase and the Surrounding liquid phase 
while the viscosity is low, the gel phase does not settle out, 
that is to say, it does not precipitate. Consequently, silica gel 
may he described as a non-precipitated, coherent, rigid, 
three-dimensional network of contiguous particles of col 
loidal amorphous silica. The state of Subdivision ranges 
from large, Solid masses to Submicroscopic particles, and the 
degree of hydration from almost anhydrous silica to soft 
gelatinous masses containing on the order of 100 parts of 
water per part of silica by weight. 

Precipitated silica generally is produced commercially by 
combining an aqueous solution of a soluble metal silicate, 
ordinarily alkali metal silicate Such as sodium silicate, and 
an acid so that colloidal particles of silica will grow in a 
weakly alkaline solution and be coagulated by the alkali 
metal ions of the resulting soluble alkali metal salt. Various 
acids may be used, including but not limited to mineral 
acids. Non-limiting examples of acids that may be used 
include hydrochloric acid and sulfuric acid, but carbon 
dioxide can also be used to produce precipitated silica. In the 
absence of a coagulant, silica is not precipitated from 
Solution at any pH. In a non-limiting embodiment, the 
coagulant used to effect precipitation of silica may be the 
soluble alkali metal salt produced during formation of the 
colloidal silica particles, or it may be an added electrolyte, 
Such as a soluble inorganic or organic salt, or it may be a 
combination of both. 

Precipitated silicas are available in many grades and 
forms from PPG Industries, Inc. These silicas are sold under 
the Hi-Sil.R tradename. 

For purposes of the present invention, the finely divided 
particulate substantially water-insoluble siliceous filler can 
comprise at least 50 percent by weight (e.g., at least 65, at 
least 75 percent by weight), or at least 90 percent by weight 
of the substantially water-insoluble filler material. The sili 
ceous filler may comprise from 50 to 90 percent by weight 
(e.g., from 60 to 80 percent by weight) of the particulate 
filler material, or the siliceous filler may comprise substan 
tially all of the substantially water-insoluble particulate filler 
material. The particulate filler (e.g., the siliceous filler) 
typically has a high Surface area allowing the filler to carry 
much of the processing plasticizer composition used to 
produce the microporous membrane of the present inven 
tion. The filler particles are substantially water-insoluble and 
also can be substantially insoluble in any organic processing 
liquid used to prepare the microporous membrane. This can 
facilitate retention of the particulate filler within the 
microporous membrane. 
The microporous membrane of the present may also 

include minor amounts (e.g., less than or equal to 5 percent 
by weight, based on total weight of the microporous mem 
brane) of other materials used in processing, Such as lubri 
cant, processing plasticizer, organic extraction liquid, water, 
and the like. Further materials introduced for particular 
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purposes. Such as thermal, ultraviolet and dimensional sta 
bility, may optionally be present in the microporous mem 
brane in Small amounts (e.g., less than or equal to 15 percent 
by weight, based on total weight of the microporous mem 
brane). Examples of such further materials include, but are 
not limited to, antioxidants, ultraviolet light absorbers, rein 
forcing fibers such as chopped glass fiber Strand, and the 
like. The balance of the microporous membrane, exclusive 
of filler and any coating, printing ink, or impregnant applied 
for one or more special purposes is essentially the thermo 
plastic organic polymer. 

Pores 
The microporous membrane of the present invention, also 

includes a network of interconnecting pores, which commu 
nicate Substantially throughout the microporous membrane. 
On a coating-free, printing ink free and impregnant-free 
basis, pores typically constitute from 35 to 95 percent by 
volume, based on the total volume of the microporous 
membrane, when made by the processes as further described 
herein. The pores may constitute from 60 to 75 percent by 
Volume of the microporous membrane, based on the total 
Volume of the microporous membrane. As used herein and 
in the claims, the porosity (also known as Void volume) of 
the microporous membrane, expressed as percent by Vol 
ume, is determined according to the following equation: 

Porosity=1001-d/d 

where, d is the density of the sample, which is determined 
from the sample weight and the sample Volume as ascer 
tained from measurements of the sample dimensions; and d. 
is the density of the solid portion of the sample, which is 
determined from the sample weight and the volume of the 
solid portion of the sample. The volume of the solid portion 
of the microporous membrane is determined using a Quan 
tachrome stereopycnometer (Quantachrome Corp.) in accor 
dance with the operating manual accompanying the instru 
ment. 

The volume average diameter of the pores of the micropo 
rous membrane is determined by mercury porosimetry using 
an Autoscan mercury porosimeter (Quantachrome Corp.) in 
accordance with the operating manual accompanying the 
instrument. The Volume average pore radius for a single scan 
is automatically determined by the porosimeter. In operating 
the porosimeter, a scan is made in the high pressure range 
(from 138 kilopascals absolute to 227 megapascals abso 
lute). If 2 percent or less of the total intruded volume occurs 
at the low end (from 138 to 250 kilopascals absolute) of the 
high pressure range, the Volume average pore diameter is 
taken as twice the Volume average pore radius determined 
by the porosimeter. 

Otherwise, an additional scan is made in the low pressure 
range (from 7 to 165 kilopascals absolute) and the volume 
average pore diameter is calculated according to the equa 
tion: 

where, d is the Volume average pore diameter; V is the total 
Volume of mercury intruded in the high pressure range; V is 
the total volume of mercury intruded in the low pressure 
range; r is the Volume average pore radius determined from 
the high pressure scan; r is the Volume average pore radius 
determined from the low pressure Scan: w is the weight of 
the sample subjected to the high pressure scan; and w is the 
weight of the sample subjected to the low pressure Scan. 
The microporous membrane of the present invention may 

have an average pore size of about 0.01 to about 0.06 
microns, alternatively from about 0.01 to about 0.05 



US 9,468,697 B2 
21 

microns, alternatively about 0.01 to about 0.04, alternatively 
about 0.01 to about 0.03, alternatively about 0.02 to about 
0.04 microns, alternatively about 0.02 microns. 

Generally on a coating-free, printing ink-free and impreg 
nant-free basis, the volume average diameter of the pores of 5 
the microporous membrane is at least 0.02 micrometers, 
typically at least 0.04 micrometers, and more typically at 
least 0.05 micrometers. On the same basis, the volume 
average diameter of the pores of the microporous membrane 
is also typically less than or equal to 0.5 micrometers, more 
typically less than or equal to 0.3 micrometers, and further 
typically less than or equal to 0.25 micrometers. The volume 
average diameter of the pores, on this basis, may range 
between any of these values, inclusive of the recited values. 
For example, the volume average diameter of the pores of 
the microporous membrane may range from 0.02 to 0.5 
micrometers, or from 0.04 to 0.3 micrometers, or from 0.05 
to 0.25 micrometers, in each case inclusive of the recited 
values. 

In the course of determining the Volume average pore 
diameter by means of the above described procedure, the 
maximum pore radius detected may also be determined. This 
is taken from the low pressure range scan, if run; otherwise 
it is taken from the high pressure range Scan. The maximum 
pore diameter of the microporous membrane is typically 
twice the maximum pore radius. 

Coating, printing and impregnation processes can result in 
filling at least some of the pores of the microporous mem 
brane. In addition, Such processes may also irreversibly 
compress the microporous membrane. Accordingly, the 
parameters with respect to porosity, Volume average diam 
eter of the pores, and maximum pore diameter are deter 
mined for the microporous membrane prior to application of 
one or more of these processes. 

Thickness and Surface Area 
The microporous membrane may have a thickness in the 

z-direction, of about 0.01 mm to about 1 mm, alternatively 
between about 0.1 mm to 0.4 mm, alternatively about 0.15 
mm to about 0.35 mm, alternatively about 0.25 mm. 

Those of ordinary skill in the art will appreciate that the 
Surface area of the microporous membrane can vary depend 
ing on the user preferred size of the delivery engine 100. In 
Some embodiments, the evaporative Surface area of the 
microporous membrane may be about 2 cm to about 100 
cm, alternatively about 2 cm to about 35 cm, alternatively 
about 10 cm to about 50 cm, alternatively about 10 cm to 
about 45 cm, alternatively about 10 cm to about 35 cm, 
alternatively about 15 cm to about 40 cm, alternatively 
about 15 cm to about 35 cm, alternatively about 20 cm to 
about 35 cm, alternatively about 30 cm to about 35 cm, 
alternatively about 35 cm. 

Suitable microporous membranes for the present inven 
tion include an UHMWPE-type membrane optionally filled 
with silica as described in U.S. Pat. No. 7,498,369. Such 
UHMWPE membranes include DaramicTM V5, available 
from Daramic, Solupor R, available from DSM (Nether 
lands), and TeslinTM SP1100HD, available from PPG Indus 
tries, and combinations thereof. It is believed that these 
membranes allow a volatile material to freely dissipate, 
while containing liquid within the delivery engine 100. 

In one aspect of the invention, the microporous membrane 
may include a dye that is sensitive to the amount of Volatile 
material it is in contact with to indicate end-of-life. Alter- 65 
natively, the microporous membrane may change to trans 
parent when in contact with a fragrance or volatile material 
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to indicate diffusion is occurring. Other means for indicating 
end-of-life that are known in the art are contemplated for the 
present invention. 
Housing 
Now referring to FIGS. 6 to 9, the method of the present 

invention may further comprise the step of providing a 
housing 200 for releasably engaging the delivery engine 
100. The housing 200 may comprise a width, length and 
depth along an X-axis, y-axis, and Z-axis, respectively (as 
shown in FIG. 1). The housing 200 can be made of any 
Suitable material Such as glass, ceramic, wood, plastic, 
composite material, etc, and can have any size, shape and 
configuration suitable for encasing the delivery engine 100. 
The housing 200 can be rigid or flexible and can be made of 
material which allows the transfer of volatile materials to the 
Surrounding environment. The housing 200 may include a 
base 210, a hollowed core 240 supported on the base 210 and 
nested internally within a shell 220. The housing 200 may 
also include a notch 270 and vents 260. 

Shell and Hollowed Core 
As seen in FIGS. 8 and 9, the housing 100 may include a 

hollowed core 240 supported on a base 210 and nested 
internally within a shell 220. The shell 220 may have a front 
wall 222 and a rear wall 224, both of which may be generally 
coextensive with a front wall 242 and a rear wall 244 of the 
hollowed core 240. The hollowed core 240 and shell 220 
may be elliptically cylindrical and include a receiving end 
230 for receiving the delivery engine 100. The receiving end 
230 may be disposed remotely from the base 210 of the 
housing 200. 

Ribs and Notches 
The inner face of the rear wall 244 of the hollowed core 

240 may include one or more retaining ribs 246 for guiding 
the delivery engine 100 downward into its final in-use 
position as seen in FIG. 9. In one embodiment, the retaining 
ribs 246 may include a first retaining rib and a second 
retaining rib positioned on the inner face of the rear wall 244 
and which both extend longitudinally along the y-axis. The 
first and second retaining ribs may be positioned at the 
intersection of the front 242 and rear walls 244 of the 
hollowed core 240 to receive the lip 102 of the delivery 
engine 100. 
The housing 200 may also include a notch 270, or a 

plurality of notches, to engage or compress the rupture 
element 130 as the delivery engine 100 is being received in 
the housing 200. In this way, a user is not required to 
manually activate the delivery engine 100 prior to its inser 
tion into the housing 200. The notch 270 may be configured 
in any manner such that the delivery engine 100 can be 
inserted into the housing 200 with relative ease while the 
notch 270 compresses the rupture element 130 and breaches 
the rupturable substrate 120. 

Suitable insertion forces to insert the delivery engine 100 
which compresses the rupture element 130 and breaches the 
rupturable substrate 120 include less than about 25N, alter 
natively less than about 20N, alternatively less than about 
15N, alternatively less than about 5N, alternatively from 
about 1N to about 25N, alternatively from about 1N to about 
15N, alternatively from about 5N to about 20N, alternatively 
from about 5N to about 15N, alternatively about 8 to 15 N. 
The insertion force can be measured using an electrome 

chanical testing system, QTest Elite 10 available from MTS. 
The delivery engine 100 is clamped to the testing system and 
placed in the receiving end of the housing without any force 
against any notch 270 or elements that breach or help breach 
the rupturable substrate 120. The crosshead speed of the 
electromechanical testing system is set at 50 mm/min. The 
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room temperature is 23+2°C. The machine is run until the 
rupturable substrate 120 is breached. Zero displacement is 
defined as the point at which 0.1N of force (i.e. preload) is 
applied. The load at the first peak where the rupture substrate 
120 is broken is recorded as the force to rupture. Those of 5 
ordinary skill in the art will appreciate that insertion forces 
will vary depending on the physical properties and place 
ment of the notch 270, microporous membrane 140, rupture 
element 130, and rupturable substrate 120. 

In one embodiment, the notch 270 may be laterally off-set 10 
from the center of the front wall 242 of the hollowed core 
240, so that less projection of the notch 270 in the z-direction 
is required when manufacturing. Thus, the microporous 
membrane 140 does not need to be stretched as far, resulting 
in less likelihood of damage. 15 
The notch 270 and ribs 246 are configured such that the 

delivery engine 100 does not need to bend when inserting, 
resulting in lower insertion force. As the delivery engine 100 
is inserted into the housing 200, the notch 270 compresses 
the microporous membrane 140 and the rupture element 130 20 
in the direction of the reservoir 110 to breach the rupturable 
substrate 120 and release volatile materials to the micropo 
rous membrane 140. During insertion of the delivery engine 
100, the ribs 246 guide the delivery engine 100 into contact 
and against the notch 270, maintaining the lateral position of 25 
the delivery engine 100 so the notch 270 fully engages the 
rupture element 130. 

Vents 
The housing 200 may have a plurality of vents 260 or 

apertures which align in a first, open position to facilitate 30 
delivery of the volatile material from the microporous 
membrane 140 to the atmosphere of the room or rooms that 
require treatment. Increasing the effective size of the vents 
260, may increase the delivery of volatile material. Con 
versely, decreasing the effective size of the vents 260, may 35 
decrease the delivery of volatile material. 
The vents 260 may be disposed anywhere on the housing 

200. In the embodiment shown in FIGS. 6 to 9, the vents 260 
are disposed on the front walls 222, 242 of shell 220 and 
hollowed core 240. The number and/or size of the vents 260 40 
are not fixed. The size of the vents 260 can be controlled by 
the user through a variety of means. A user may open, 
partially open, partially close, or close the one or more vents 
260 by sliding the shell 220 downwardly along the y-axis 
towards the base 210 such that the desired amount of 45 
emission is delivered to the location needing treatment. The 
housing 200 may also be constructed to enable open and 
closing of the vents 260 by rotation of the shell 240 around 
the x-axis (not shown). In addition to the vents 260, the 
housing 200 may have other means for visual inspection of 50 
the delivery engine 100. 

The housing 200 may also include a clicking mechanism 
(not shown) to signal to the user that the housing 200 is in 
the desired open or closed position. Such clicking mecha 
nism may include a first mating part (not shown) disposed 55 
along the outer face of the hollowed core 240 and a second 
mating part (not shown) disposed along the inner face of the 
shell 220. The mating parts may frictionally engage the 
walls of the shell 220 and hollowed core 240 as they slide 
against one another. When the desired open or closed 60 
position is reached the mating parts may releasably lock into 
place and may provide a clicking Sound. 
Volatile Material 

The method of the present invention delivers a volatile 
material to the atmosphere in a continuous manner. The term 65 
“volatile material” as used herein, refers to a material that is 
vaporizable at room temperature and atmospheric pressure 
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without the need of an energy source. The volatile material 
may be a composition comprised entirely of a single volatile 
material. The volatile material may also be a composition 
comprised entirely of a volatile material mixture (i.e. the 
mixture has more than one volatile component). Further, it 
is not necessary for all of the component materials of the 
composition to be volatile. Any suitable volatile material in 
any amount or form, including a liquid or emulsion, may be 
used. 

Liquid Suitable for use herein may, thus, also have non 
Volatile components, such as carrier materials (e.g., water, 
solvents, etc). It should also be understood that when the 
liquid is described herein as being “delivered”, “emitted, or 
“released,' this refers to the volatilization of the volatile 
component thereof, and does not require that the non 
volatile components thereof be emitted. 
The volatile material can be in the form of perfume oil. 

Most conventional fragrance materials are volatile essential 
oils. The Volatile material can be a volatile organic com 
pound commonly available from perfumery Suppliers. Fur 
thermore, the volatile material can be synthetically or natu 
rally formed materials. Examples include, but are not limited 
to: oil ofbergamot, bitter orange, lemon, mandarin, caraway, 
cedar leaf, clove leaf, cedar wood, geranium, lavender, 
orange, origanum, petitgrain, white cedar, patchouli, neroili, 
rose absolute, and the like. In the case of air freshener or 
fragrances, the different volatile materials can be similar, 
related, complementary, or contrasting. 
The volatile material may also originate in the form of a 

crystalline solid, which has the ability to sublime into the 
vapor phase at ambient temperatures or be used to fragrance 
a liquid. Any suitable crystalline solid in any suitable 
amount or form may be used. For example, Suitable crys 
talline solids include but are not limited to: Vanillin, ethyl 
Vanillin, coumarin, tonalid, calone, heliotropene, musk 
Xylol, cedrol, musk ketone benzohenone, raspberry ketone, 
methyl naphthyl ketone beta, phenyl ethyl salicylate, Veltol, 
maltol, maple lactone, proeugenol acetate, evemyl, and the 
like. 

It may not be desirable, however, for volatile materials to 
be too similar if different volatile materials are being used in 
an attempt to avoid the problem of emission habituation. 
Otherwise, the people experiencing the emissions may not 
notice that a different material is being emitted. The different 
emissions can be provided using a plurality of delivery 
systems each providing a different volatile material (such as, 
musk, floral, fruit emissions, etc). The different emissions 
can be related to each other by a common theme, or in some 
other manner. An example of emissions that are different but 
complementary might be a cinnamon emission and an apple 
emission. 

In addition to the volatile material of the present inven 
tion, the delivery engine 100 may include any known 
malodor composition to neutralize odors. Suitable malodor 
compositions include cyclodextrin, reactive aldehydes and 
ionones. 

While not wishing to be bound by theory, the continuous 
delivery of a volatile material may be a function of various 
factors including membrane pore size; membrane Surface 
area; the physical properties of a volatile material. Such as 
molecular weight and saturation vapor pressure (“VP); and 
the viscosity and/or Surface tension of the composition 
containing the Volatile material. 
The composition may be formulated such that the com 

position comprises a volatile material mixture comprising 
about 10% to about 100%, by total weight, of volatile 
materials that each having a VP at 25°C. of less than about 
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0.01 torr, alternatively about 40% to about 100%, by total 
weight, of volatile materials each having a VP at 25°C. of 
less than about 0.1 torr, alternatively about 50% to about 
100%, by total weight, of volatile materials each having a 
VP at 25°C. of less than about 0.1 torr; alternatively about 
90% to about 100%, by total weight, of volatile materials 
each having a VP at 25°C. of less than about 0.3 torr. In one 
embodiment, the volatile material mixture may include 0% 
to about 15%, by total weight, of volatile materials each 
having a VP at 25°C. of about 0.004 torr to about 0.035 torr; 
and 0% to about 25%, by total weight, of volatile materials 
each having a VP at 25° C. of about 0.1 torr to about 0.325 
torr, and about 65% to about 100%, by total weight, of 
volatile materials each having a VP at 25°C. of about 0.035 
torr to about 0.1 torr. One source for obtaining the saturation 
vapor pressure of a volatile material is EPI SuiteTM, version 
4.0, available from U.S. Environmental Protection Agency. 
Two exemplary compositions comprising a volatile mate 

rial mixture having volatile materials of varying VPs are set 
forth below in Tables 2 and 3. These compositions are shown 
by way of illustration and are not intended to be in any way 
limiting of the invention. 

TABLE 2 

Wt 96 Low VP (torr) High VP (torr) 

27.71 O.14 O.325 
20.78 O.O875 O.14 
13.86 O.0625 0.0875 
8.66 O.O3S O.0625 
8.66 O.O14 O.O3S 
6.93 O.OO875 O.O14 
6.93 O.OO625 O.OO875 
3.18 O.OO3S O.OO625 
1.27 O.OO14 O.OO3S 
O.95 O.OOO875 O.OO14 
O.64 O.OOO625 O.OOO875 
O.32 O.OOO375 O.OOO625 
O.09 O.OOO175 O.OOO325 

TABLE 3 

Wt 96 Low VP (torr) High VP (torr) 

33.38 O.14 O.325 
25.75 O.O875 O.14 
1907 O.0625 0.0875 
13.86 O.O3S O.0625 
4.OO O.O14 O.O3S 
1...SO O.OO875 O.O14 
OSO O.OO625 O.OO875 
0.72 O.OO3S O.OO625 
0.55 O.OO14 O.OO3S 
0.27 O.OOO875 O.OO14 
O.2O O.OOO625 O.OOO875 
O.13 O.OOO375 O.OOO625 
O.O7 O.OOO175 O.OOO325 

The viscosity of a volatile material may control how and 
when it is delivered to the microporous membrane 140. For 
example, less viscous volatile materials may flow faster than 
the more viscous volatile materials. Thus, the membrane 
may be first wetted with the less viscous materials. The more 
Viscous volatile material, being slightly less or of similar 
density with the less Viscous phase, may remain in the 
collection basin 112 via gravity. Thus, the less viscous 
volatile material may be delivered to the microporous mem 
brane 140 and emitted to the atmosphere more quickly. To 
help prevent liquid from seeping through the microporous 
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membrane 140, volatile materials may have viscosities less 
than about 23 cB and surface tension less than about 33 
mN/m. 

In one embodiment, the composition containing a volatile 
material may have a viscosity of about 1.0 cp to less than 
about 25 cB, alternatively about 1.0 cp to less than about 23, 
alternatively about 1.0 cp to less than about 15 cF. 
The composition containing a volatile material may be 

designed Such that the composition may include a surface 
tension of about 19 mN/m to less than about 33 mN/m, 
alternatively about 19 mN/m to less than about 30 mN/m, 
alternatively about 19 mN/m to less than about 27 mN/m. 

EXAMPLES 

The following examples are not to be construed as limi 
tations of the present invention since many variations 
thereof are possible without departing from its spirit and 
Scope. 

Example 1 

In this example, two identical air freshening delivery 
engines are designed utilizing a Daramic V5 membrane with 
an evaporative surface area of approximately 34 cm. Two 
perfume compositions, RJJ-577 and RJJ-573-8, each having 
a volatile material mixture with volatile materials of differ 
ent VP ranges are tested in the air freshening delivery 
engines for evaporation rates. The VP ranges of the volatile 
materials are shown in Tables 4 and 5. 

TABLE 4 

RJJ-577 

WP 25° C. Low VP 25° C. High Wt 9% 

O O.OO1 O.2 
O.OO1 O.O1 O.O 
O.O1 O.1 3.4 
O.1 O.3 28.6 
O.3 10 64.8 

TABLE 5 

RJ-573-8 

WP 25° C. Low VP 25° C. High Wt 9% 

O O.OO1 1.9 
O.OO1 O.O1 8.5 
O.O1 O.1 32.6 
O.1 O.3 49.8 
O.3 10 6.8 

One delivery engine is loaded with 6000 mg of perfume 
composition RJJ-577; the other with 6000 mg of perfume 
composition RJJ-573-8. RJJ-577 includes relatively higher 
VP components than RJJ-573-8. Each filled delivery engine 
is weighed; weight is recorded. Both delivery engines are 
placed into housings and held in a room at 21° C. At the 
times indicated on FIG. 10, the delivery engine is weighed: 
weight recorded. FIG. 10 shows that after about two weeks, 
the evaporation rate of RJJ-577 has almost flattened which 
would then require another delivery engine. This would be 
costly and may be viewed as burdensome by consumers. On 
the other hand, perfume RJJ-573-8 with a microporous 
membrane delivers consistent linear intensity over a longer 
period of time. 
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Example 2 

In this example, two air freshening delivery engines are 
constructed utilizing different membranes. Each is tested for 
evaporation rates using RJJ-573-8, which was utilized in 
Example 1. 6000 mg of RJJ-573-8 is loaded into a delivery 
engine with a low density polyethylene membrane (LDPE) 
having an average pore size of about 40 microns. 6000 mg 
of RJJ-573-8 is loaded into a delivery engine having a 
Daramic V5 microporous membrane. As can be seen from 
FIG. 11, the microporous membrane is much more efficient 
in releasing the relatively low vapor pressure perfume than 
the LDPE membrane. Thus, utilizing a microporous mem 
brane in accordance with the present invention delivers 
higher intensities of lower vapor pressure (i.e. more pleasing 
“base note” perfume raw materials can be delivered). 
As used in this specification and the appended claims, the 

singular forms “a”, “an', and “the include plural references 
unless the content clearly dictates otherwise. Thus, for 
example, "a volatile material” may include more than one 
volatile material 

Every numerical range given throughout this specification 
will include every narrower numerical range that falls within 
Such broader numerical range, as if such narrower numerical 
range were all expressly written herein. For example, a 
stated range of "1 to 10” should be considered to include any 
and all subranges between (and inclusive of) the minimum 
value of 1 and the maximum value of 10; that is, all 
Subranges beginning with a minimum value of 1 or more and 
ending with a maximum value of 10 or less, e.g., 1 to 6.1, 
3.5 to 7.8, 5.5 to 10, etc. 

Further, the dimensions and values disclosed herein are 
not to be understood as being strictly limited to the exact 
numerical values recited. Instead, unless otherwise speci 
fied, each such dimension is intended to mean both the 
recited value and a functionally equivalent range surround 
ing that value. For example, a dimension disclosed as “40 
mm is intended to mean “about 40 mm.” 

Every document cited herein, including any cross refer 
enced or related patent or application, is hereby incorporated 
herein by reference in its entirety unless expressly excluded 
or otherwise limited. The citation of any document is not an 
admission that it is prior art with respect to any invention 
disclosed or claimed herein or that it alone, or in any 
combination with any other reference or references, teaches, 
Suggests or discloses any such invention. Further, to the 
extent that any meaning or definition of a term in this 
document conflicts with any meaning or definition of the 
same term in a document incorporated by reference, the 
meaning or definition assigned to that term in this document 
shall govern. 

While particular embodiments of the present invention 
have been illustrated and described, it would be obvious to 
those skilled in the art that various other changes and 
modifications can be made without departing from the spirit 
and scope of the invention. It is therefore intended to cover 
in the appended claims all such changes and modifications 
that are within the scope of this invention. 
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What is claimed: 
1. A method of delivering a volatile material comprising 

the step of providing a delivery engine comprising: 
a. a reservoir comprising a volatile material mixture, said 

volatile material mixture comprising about 40% to 
about 100%, by total weight, of volatile materials each 
having a vapor pressure at 25°C. of less than about 0.3 
torr; 

b. a microporous membrane enclosing said reservoir; 
a rupturable substrate enclosing said reservoir; 

... a flow path between said rupturable substrate and said 
microporous membrane; and 

e. a rupture element comprising a support structure, said 
Support structure is positioned in said flow path 
between said rupturable substrate and said microporous 
membrane. 

2. The method of claim 1, wherein said volatile material 
mixture comprises about 60% to about 90%, by total weight, 
of volatile materials each having a vapor pressure at 25° C. 
of about 0.01 to about 0.3 torr. 

3. The method of claim 1, wherein said volatile material 
mixture comprises: 

a. 0% to about 15%, by total weight, of volatile materials 
each having a vapor pressure at 25° C. of about 0.004 
torr to about 0.035 torr; 

b. about 0% to about 25%, by total weight, of volatile 
materials each having a vapor pressure at 25° C. of 
about 0.1 torr to about 0.325 torr; and 

c. about 65% to about 100%, by total weight, of volatile 
materials each having a vapor pressure at 25° C. of 
about 0.035 torr to about 0.1 torr. 

4. The method of claim 1, wherein said volatile material 
mixture comprises a viscosity of about 1.0 cF to less than 
about 15 cF. 

5. The method of claim 1, wherein said volatile material 
mixture comprises a surface tension of about 19 mN/m to 
less than about 27 mN/m. 

6. The method of claim 1, wherein said microporous 
membrane comprises an average pore size of about 0.02 
microns. 

7. The method of claim 1, wherein said volatile material 
mixture comprises a perfume material. 

8. The method of claim 1, wherein said delivery engine 
further comprises a collection basin in fluid communication 
with said microporous membrane and said reservoir upon 
rupturing said rupturable substrate. 

9. The method of claim 1, wherein said microporous 
membrane encloses said rupturable substrate and said res 
ervoir. 

10. The method of claim 1 further comprising the step of 
compressing said microporous membrane and said rupture 
element to breach said rupturable substrate. 

11. The method of claim 1, wherein said method further 
comprises the step of inserting said delivering engine in a 
housing, said housing comprising a notch to compress said 
microporous membrane and said rupture element. 

12. The method of claim 1, wherein said rupture element 
comprises a compressible flange. 


